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A significant reduction in carbon emissions is a global mission and the construction industry has an 
indispensable role to play as a major carbon dioxide (CO2) generator.  Over the years, various 
building environmental assessment (BEA) models and concepts have been developed to promote 
environmentally responsible design and construction.  However, limited attention has been placed on 
assessing and benchmarking the carbon emitted throughout the lifecycle of building facilities.  This 
situation could undermine the construction industry’s potential to reduce its dependence on raw 
materials, recognise the negative impacts of producing new materials, and intensify the recycle and 
reuse process.  In this paper, current BEA approaches adopted by the construction industry are first 
introduced. The focus of these models and concepts is then examined.  Following a brief review of 
lifecycle analysis, the boundary in which a lifecycle carbon emission analysis should be set for a 
construction project is identified.  The paper concludes by highlighting the potential barriers of 
applying lifecycle carbon emissions analysis in the construction industry.  It is proposed that lifecycle 
carbon emission analysis can be integrated with existing BEA models to provide a more 
comprehensive and accurate evaluation on the cradle-to-grave environmental performance of a 
construction facility. In doing so, this can assist owners and clients to identify the optimum solution to 
maximise emissions reduction opportunities.  
KEYWORDS: Carbon dioxide, emission, building environmental assessment, buildings 
lifecycle 
INTRODUCTION 
The increased atmospheric concentration of carbon dioxide (CO2) has become a very critical 
and urgent problem,  having been shown to exacerbate many environmental hazards (Lu et 
al., 2007).  As a major industry in most countries, the construction sector emits significant 
amounts of carbon directly and indirectly from various activities (Goldenberg, 1998).  
According to US EPA (2008), the construction sector in the United States (US) ranks third 
highest in terms of CO2 emissions, and the building industry consumes almost 40 percent of 
the nation’s energy (USA Census Bureau, 2003).  In the United Kingdom (UK), the 
construction industry consumes nearly 50 percent of all primary energy in the country.  
As a measure to encourage the design and construction of more environmentally responsible 
buildings, various building environmental assessment (BEA) concepts have been developed.  
Despite their widespread usage in practice, current BEA approaches evaluate general 
environmental performance of a building  (Cole, 1998), rather than focusing primarily on 
carbon emissions.  More importantly, emission levels are normally based on the energy 
consumed during the operational stage.  There is currently a lack of systematic approaches to 
audit and benchmark the lifecycle CO2 emissions generated by a construction facility (Ayaz 
and Yang, 2009).  Existing BEA mechanisms are considered inadequate to promote 
environmentally beneficial products and processes, as their linear nature does not allow for 
optimisation in the context of cradle-to-cradle design (Braungart and McDonough, 2007).  
Considering lifecycle carbon emissions is financially beneficial to developers as they can 
increase profitability through more efficient resource usage and by providing customers with 
greater satisfaction through the use of low-carbon and low-cost materials.  Nonetheless, the 
lack of knowledge around lifecycle carbon analysis approaches makes its implementation 
uncertain.  This paper summarises the current development of BEA tools, followed by a 
discussion on the relation between the cradle-to-cradle concept and carbon auditing.  The 
paper concludes by examining the challenges of analysing lifecycle carbon emissions in the 
construction industry. 
ENVIRONMENTAL PERFORMANCE OF A BUILDING 
To assess the energy consumption of buildings, of either a specific part or the whole building 
lifecycle, involves the use of two basic types of tools: those for assessment and those for 
rating (Ding, 2008).  BEA tools include energy-labelling, energy audit/analysis and building 
performance evaluation.  Developing energy labelling, in terms of energy efficiency, is 
recognised worldwide, helping to identify the quality of energy performance, opportunities 
for energy saving, and to increase a building’s resale value and rental income.  The purpose 
of building labelling and certification is to overcome barriers relating to lack of information, 
high transaction costs, long lifetimes of buildings and the problem of displaced incentives 
between the builder and buyer, or owner and tenant (Levine et al., 2007). 
The first labelling scheme for buildings was begun by the Building Research Establishment 
in the UK to assess the overall impact of buildings on the environment, embracing all factors, 
including carbon emissions, recycling and indoor air quality (Prior, 1993).  Since then, a 
range of labelling schemes have been instigated, to the point where many countries have their 
own schemes running parallel to others – such as the Blue Angel and Green Dot in Germany, 
AENOR Medio Ambiente in Spain, and  Singapore’s energy smart labelling system.  These 
labelling systems are considered very beneficial in checking the efficiency of buildings and 
their components (Lee and Rajagopalan, 2008).  
Regional schemes have positive benefits in identifying culturally and economically 
appropriate responses to the regional environment (Stevenson and Ball, 1998).  However, 
they can also lead to confusion and reduce the scope for comparisons between products 
labelled by different schemes.  West (1995) considered lack of credibility as a problem with 
labelling, as well as the cost and effort involved in developing a large-scale building 
performance labelling system (Larsson, 1999).  A study that compared the comparative 
advantages of implementing ISO 14000 and eco-labelling concluded that the former is more 
likely to steer the construction industry towards improved environmental performance (Ball, 
2002).   
Other methods developed and implemented by organisations concerned with climate change 
include environmental impact audit programs, which help consumers identify opportunities 
for upgrading the energy efficiency of buildings (Levine et al., 2007).  For example, the Eco-
Management and Audit Scheme (European Union, 2001) provides a standardised and 
comprehensive list of environmental aspects.  Aimed at obtaining energy efficiency in 
construction, building energy analysis has also been implemented in the building sector to 
both reduce its energy dependency and further compliance with international carbon 
reduction agreements.  Other energy simulation programmes exist, such as the Hourly 
Analysis Program and PowerDOE, which provide very similar results to building energy 
analysis (Rey et al., 2007). 
BREEAM is another approach that has made an impact worldwide; with Canada, Australia, 
Hong Kong and other countries using its methodology in developing their own environmental 
building assessment methods.  Many countries have also developed several tools to evaluate 
energy consumption and carbon emissions in construction.  The comprehensive Green 
Building Evaluation and Labelling System has been implemented in Taiwan, and is 
considered useable in other countries with similar temperature and weather patterns (Tam, 
2007).   
Hong Kong, in comparison, has introduced GBTool – a building environmental assessment 
framework.  Compared with other assessment schemes, GBTool covers the broadest platform 
of performance categories and criteria and also features new assessment approaches such as a 
negative scoring system, absolute sustainability indicators, and a multiple indicators strategy 
(Lee and Burnett, 2006).  Other early BEA tools implemented in Hong Kong include the 
Hong Kong Building Environmental Assessment Method (HK-BEAM) (Lee et al., 2007), 
which uses an energy budget approach and is claimed to be applicable to a wide range of 
buildings and premises types. 
DRAWBACKS OF BUILDING ENVIROMENTAL ASSESSMENT 
Despite the success of these tools to date, some weaknesses have been identified.  As Ding 
(2008) has noted, criticisms of BEA include: 
o The assessment process is usually carried out when the project design is almost finalised 
(Crawley and Aho, 1999; Soebarto and Williamson, 2001), limiting the use of BEA 
methods as design guidelines. 
o Since BEA methods are used to evaluate building designs, they are less useful for 
selecting optimum projects where different options or locations of development are 
considered at the feasibility stage (Lowton, 1997). 
o Some assessment tools such as BREEAM, BEPAC, LEED and HK-BEAM do not 
embrace financial aspects in the evaluation framework.  The project may be 
environmentally responsible but offer insufficient financial returns to the developers. 
o Most BEA methods were developed for local use and do not allow for national or 
regional variations.  While the GBTool has been developed for regional use, there are still 
some limitations, namely: when evaluating buildings, the weights are scored subjectively 
(Crawley and Aho, 1999); the complexity of the GBTool framework makes it difficult to 
use; the GBTool has led to a very large and complex system, causing difficulties and 
frustration for over-stretched assessors rather than producing a global assessment method 
as intended (Curwell et al., 1999). 
o BEA methods have overly comprehensive criteria. 
o Current BEA methods cannot measure and evaluate qualitative environmental issues.  
In view of the limitations of the existing BEA tools, Soebarto and Williamson (2001) have 
developed a multi-criteria building environmental performance assessment methodology and 
tool which allows designers to test design strategies against different sets of criteria.  
Likewise, Ding (2008) also proposed a multiple criteria approach to help rank alternatives in 
identifying optimum design solutions and facility operation.  Todd (1998) has also suggested 
providing qualitative and quantitative assessment scales for many of the environmental 
criteria in order to make alternative types of judgments, particularly where data for the more 
desirable quantitative assessment is either not available or prohibitively expensive to acquire. 
LIFECYCLE ASSESSMENT 
Lifecycle assessment (LCA) is a method used to evaluate the environmental load of processes 
and products (both goods and services) through their lifecycles from cradle-to-grave (EEA, 
2002; Fava, 2004; Fava, 2006; Sonnemann et al., 2003; Taborianski, 2004; Vigon et al., 
1993).  It has been used broadly since 1990 to calculate energy consumption and carbon 
emissions anddetailed studies have been made of the potential of LCA for use in the building 
industry.  An LCA tool being developed for buildings in Hong Kong was found to be a useful 
design tool for optimising building design and also a practical decision-making tool to 
evaluate a building’s sustainability.  Other research has also developed and made various 
LCA tools available for implementation in environmental assessment (Centre for Design, 
2001; Erlandsson and Borg, 2003; Forsberg and Forsberg, 2004).  
As a tool to evaluate the environmental impact of the building industry, LCA provides an 
assessment of energy consumption throughout a building’s lifecycle from cradle-to-grave.  
McDonough and Braungart (2002) take the cradle-to-grave concept to cover raw material 
extraction, manufacturing, build, use and disposal of waste, at which point their value is 
considered to be zero.  Steffen (2006) describes theconcept as a linear or one-way process, 
with potentially useful materials at the end of product’s life becoming landfill as waste 
materials (Bisset, 2007; US Green Building Council, 2005). 
An alternative to cradle-to-grave is Braungart et al.’s (2007) cradle-to-cradle concept, which 
envisages the flow of materials as a cyclical process (Miyatake, 1996). In this model, the idea 
is that no material will go to waste, as previously depleted materials will be regenerated 
through recycling (Tischner et al., 2001).  In this way, building construction becomes less 
dependent on raw materials, and the value of materials is designed to be upgraded or 
maintained.  Braungart et al. (2002, 2007), who term this concept eco-effectiveness, comment 
that it results in products with environmental benefits that contribute to economic growth and 
social development.  Moreover, the concept also involves the design of materials flowing 
within different products’ lifecycles, as using materials in another product’s cycle may be 
more efficient than reusing it in the next cycle of the same product (Kibert, 2008). 
Of course, recycling materials and products is not new and can be an industry in its own right 
– as evidenced by the existence of scrap yards, tip shops and second hand (or pre-loved) 
garment shops, etc.  However, some industries such as automobile, electronics and appliances 
are becoming increasingly interested in applying the cradle-to-cradle approach.  For instance, 
Xerox copiers that are leased, refurbished and go through multiple lifecycles, single-use 
‘disposable’ cameras that may actually be reused up to ten times (Cottrill, 2003); and Apple’s 
reuse and recycling of electronic equipment, including computers and displays from any 
manufacturer (Apple, 2010). 
APPLYING LIFECYCLE ANALYSIS IN CONSTRUCTION PROJECTS 
In the construction industry, Simon et al. (2007) have applied cradle-to-cradle concepts to 
identify how significant improvements in the quality of waste disposal can be achieved by the 
application of selective deconstruction procedures.  They found that it encourages the 
development of modified procedures for disposal of buildings, where disposal contributes to 
the recovery of materials with zero loss in material performance.  In terms of specific 
materials that can be reused or recycled, the most prevalent are metals such steel and 
aluminium.  Steel is the world’s most recycled material as it is cheaper to recycle steel scrap 
than to mine virgin ore, and steel recycling saves 74 percent energy compared to producing 
new metal (Steel Recycling Institute, 2006).  In the case of aluminium, remelting requires 
only 5 percent of the energy required to make aluminium from ore (Millbank, 2004).  
Liu (2009) has developed a model to track the steel construction lifecycle, termed the 
‘resource loop’.  This model accounts for materials used and energy flow by aligning the 
cradle-to-grave model with the cradle-to-cradle model (El Haggar, 2007; Steffen, 2006), in 
the form of a closed loop system, where the material waste of building production is used in 
making other products.  Liu (2009) found that transportation greatly influences cradle-to-
cradle design, as the transportation process consumes high energy both in the construction / 
deconstruction and reusing / recycling processes.   
Therefore, it is necessary to carefully consider and evaluate the lifecycle emission of 
construction facilities, viz. the extraction and processing of raw material, production 
processing, distribution, operation and waste management, etc. The carbon emissions for a 
construction facility should be presented as the tonne of carbon dioxide equivalent (tCO2e) 
generated by each metre square of the floor space or per dollar spent on the construction at 
least from the cradle to grave perspective (Figure 1).  This will enable the clients, design team 
members, contractors and end-users to make an informed decision as to what design and 
materials to be adopted for the construction of the facility (cf: PAS, 2008). 
In general, the implementation challenges of the lifecycle carbon emissions analysis comprise 
four groups (El Haggar, 2007; Proveniers et al., 2009): 
o Conceptual challenges – including inexperience with the lifecycle carbon emissions 
analysis concept, lack of lifecycle carbon emissions reduction design and building 
materials, as well as associated risks. 
o Economical challenges – due to the traditional way of thinking focusing only on initial 
investment, not being willing to pay more, and pre-judgement of the expense involved. 
o Actor challenges – the many people involved in a lifecycle carbon emissions analysis 
process can cause internal and external conflicts of interest among parties.  The complex 
relationships between industrial activities and different stakeholders make it difficult to 
implement lifecycle carbon emissions analysis strategies (Savitz, 2006).  For instance, 
reuse and recycling of materials is still essentially the responsibility of the contractors, 
manufacturers and end users, while designers are required to determine the reusability 
and recyclability of materials at the design stage.  Additionally, current lack of experience 
with the lifecycle carbon emissions analysis concept in the building industry makes 
implementation difficult, for example, tracking material flow and products’ lifecycles are 
very hard.  Although there are some tracking methods that can be used, such as 
economic-input-output and lifecycle analysis, these are of uncertain value unless accurate 
and reliable information is available (Hermreck and Chong, 2009).   
o Measurement challenges – recent material and energy accounting methods are not broad 
enough to provide sufficiently comprehensive data (Liu, 2009). 
Figure 1: A cradle-to-grave concept for assessing the carbon emissions in the construction industry. 
 
 
CONCLUSIONS 
This paper reviews studies of building environment assessment tools, which deal with energy 
and carbon calculations in specific parts of the building lifecycle.  The review also identifies 
the importance of the lifecycle carbon emissions analysis concept where, in addition to 
reducing energy consumption and carbon emissions, long-term economic benefits are 
possible.  It is noted that very few studies have taken place that consider the environmental 
impact of the reuse and recycle phase of construction and that further development of existing 
assessment tools is needed in this area in order to provide sufficiently accurate information.  
In addition, the prospects for implementation of the lifecycle carbon emissions analysis 
concept are presently limited due to the lack of experience and knowledge of consultants, 
contractors and owners, and their ability to work collectively. 
While many studies have confirmed that a construction facility produces a significant amount 
of CO2 throughout its lifecycle, a radical rethink of how to improve the current building 
environmental assessment approaches to incorporate the lifecycle carbon emissions is 
imperative.  Apart from the operational phase, with the highest contributor to CO2 emissions, 
any emissions generated during the planning and design phase, material manufacturing phase, 
construction process phase, maintenance and renovation phase, as well as deconstruction and 
disposal of waste material phase should be taken into consideration.  By adopting a lifecycle 
carbon emissions analysis concept, the potential for reducing the dependence on raw 
materials, recognising the negative impacts caused by producing new materials, and 
intensifying the recycle and reuse process should increase across the construction industry.   
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